1. Introduction
===============

Osteosarcoma is the most common primary high-grade sarcoma of the human skeleton which originates from mesenchymal tissue. In the United States in 2017, the estimated number of new bone sarcoma was 3260 and about 1550 deaths from this disease were expected.^\[[@R1]\]^ The National Central Cancer Registry of China reported that the estimated number of new bone sarcoma in China in 2015 was 28,000 and the estimated number of death due to bone sarcoma was 20,700.^\[[@R2]\]^ The treatment for osteosarcoma is not easy, and death due to osteosarcoma relapse and metastasis is common in United States and even more common in China. Despite combined chemotherapy and surgery, approximately one-third of the patients still relapse, and three-fourths of patients develop metastases.^\[[@R3],[@R4]\]^ It has been reported that about 90% of osteosarcoma relapses are due to pulmonary metastases.^\[[@R5]\]^

The first-line treatments for osteosarcoma are recommended in the National Comprehensive Cancer Network (NCCN) guideline. The classical chemotherapy drugs for osteosarcoma include methotrexate, cisplatin, ifosfamide, and doxorubicine.^\[[@R6]\]^ However, the treatment for patients following failed first-line chemotherapy is controversial.^\[[@R7]\]^ Some authors have reported that the overall survival (OS) rate of patients with advanced osteosarcoma is 0% to 50%.^\[[@R8]\]^ Therefore, efforts should be made to discover a new therapy for the treatment of advanced osteosarcomas.

Persistent angiogenesis is a typical feature of malignant tumors which plays an important role in tumor growth, invasion and metastasis. Thus, targeting tumor angiogenesis is considered an important antitumor therapy.^\[[@R9]\]^ Apatinib, a small molecule tyrosine kinase inhibitor with a high selectivity for vascular Endothelial growth factor receptor 2 (VEGFR2), exerts promising antitumor effect in various tumors.^\[[@R10]\]^ In a third-phase clinical trial, apatinib has been proven to be a safe and effective drug in patients with advanced gastric cancer.^\[[@R11]\]^ On that basis, apatinib was granted approval for the treatment of advanced gastric cancer by the China Food and Drug Administration (CFDA) in 2014. In addition, apatinib has also been reported to be successful in the treatment of some advanced cancers.^\[[@R12]--[@R17]\]^ Several case reports about apatinib treatment of osteosarcoma and a special type of soft tissue sarcoma has been published.^\[[@R14],[@R18],[@R19]\]^ In this study, apatinib is used as a single agent to treat patients with advanced osteosarcoma and pulmonary metastases after failed first-line chemotherapy. The details and results of the treatments are presented and the efficacy and safety of apatinib are discussed.

2. Methods
==========

2.1. Patients and patient\'s selection criteria
-----------------------------------------------

Ten patients with osteosarcoma received apatinib treatment at The General Hospital of Jinan Military Commanding Region from May 2016 to May, 2017, for at least more than 1 month. Patients with the following criteria were eligible for this study: pathological diagnosis of osteosarcoma was definite; patients had received first-line chemotherapy before apatinib treatment; measurable pulmonary metastases lesions; complete clinical, radiographic, and pathological records. Data extracted from the charts included sex, age, histology, treatment before apatinib, lung metastasis time, initial apatinib dose, medication time, and efficacy evaluation at the end of follow-up. All the patients were required to accept regular follow-up, which included physical and imaging examinations.

2.2. Treatment plan, drug dose adjustment
-----------------------------------------

Patients received a daily dose of oral apatinib at 500 mg for adults and 250 mg for children in tablet form. A treatment cycle was defined as 1 month. In each cycle, dose reductions were allowed up to a daily dose level not lower than 250 mg. Dose recovery was permitted after drug tolerance/adverse effect. Application of apatinib was in accordance with the Declaration of Helsinki and this work was approved by the Ethics Committee of Jinan Military General Hospital. All patients volunteered to participate in this trial and signed written informed consent.

2.3. Follow-up schedule, tumor response assessment, and survival time
---------------------------------------------------------------------

There were 2 primary end points: the OS, which was defined as the duration from the time of random assignment to the time of death, and PFS, assessed by investigators and verified by independent radiologists. Secondary end points included the objective response rate (ORR; including rate of complete response plus partial response), DCR (including complete response, partial response, and stable disease), and safety. Complete response (CR) means the tumor completely disappeared for more than 1 month. Partial response (PR) means the tumor was reduced by at least 30% for at least 4 weeks. Stable disease (SD) means the sum of the maximum diameter of the target lesion was reduced to less than the PR, or increased to less than the progression of the disease (PD). The PD means that the maximum diameter of the target lesion increases by at least 20%, or new lesions occur.

Tumor evaluations were performed at baseline, after cycles 2 and 3, and every 4 weeks thereafter until disease progression, which was based on CT scan analysis as defined by RECIST (version 1.1). Adverse events (classified and graded using the National Cancer Institute Common Terminology Criteria for Adverse Events \[version 3.0\]) were assessed at baseline (after patients provided written informed consent) until at least 28 days after the last dose of the study drug was administered.

2.4. Statistical analyses
-------------------------

The survival and safety analyses were performed for patients who received at least 1 month of apatinib. Life table and Kaplan--Meier survival curves were used for PFS estimation. Data analysis and curve plotting were performed using the GraphPad Prism 5.0 software (GraphPad Inc., La Jolla, CA).

3. Results
==========

3.1. Patients and tumor characteristics
---------------------------------------

Three of the 10 osteosarcoma patients who were treated with apatinib following failed first-line chemotherapy had pulmonary metastases in the first diagnosis, while the other 7 patients developed pulmonary metastases at different times, ranging from 9 to 36 months, after operation (Table [1](#T1){ref-type="table"}). The median age was 16 years (range 12--30 years). All the patients had received prior first-line chemotherapy with the same drugs, namely cisplatin, doxorubicin, and ifosfamide according to the NCCN guideline. Before apatinib treatment, 9 patients received limb salvage surgery, including primary limb osteosarcoma wide resection and bone defect reconstruction. After pulmonary metastases were controlled by apatinib, 1 patient underwent hip disarticulation in order to get rid of a huge tumor load in the thigh. All patients were treated for more than 1 month with apatinib, and immunohistochemical staining analysis of VEGFR2 was performed in tissue from 5 of these patients whose tissue before apatinib therapy was available. Different expression was detected, but no consistent relationship was confirmed in this study (Fig. [1](#F1){ref-type="fig"}).
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The clinical characteristics of 10 osteosarcoma patients with lung metastasis treated with apatinib.
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![Immunochemical staining analysis of VEGFR2 in available tissue was performed before apatinib therapy. (A) Absence of expression of VEGFR2. (B) Weak expression of VEGFR2. (C and D) Moderate expression of VEGFR2. VEGFR-2 = vascular endothelia growth factor receptor-2.](medi-97-e11734-g002){#F1}

3.2. Efficacy
-------------

The median follow-up for efficacy was 7.5 months. At the last follow-up, 2 patients (20%) remained on therapy at 8 and 7 months, respectively. Progression in 7 (70%) patients and accidental death in 1 (10%) patient were reasons for drug treatment interruption. Three (30%) patients received apatinib for \>1 year. Six patients were free from progression after 6 months of therapy. The PFS rate was 60% at the 6-month visit, 40% at the 8-month visit, and 26.6% at the 10-month visit (Fig. [2](#F2){ref-type="fig"}A). The median OS was 14 months (Fig. [2](#F2){ref-type="fig"}B). After 6 months of apatinib treatment, we observed no complete responses (CRs), but 2 (20%) patients did meet the criteria for PR (Fig. [3](#F3){ref-type="fig"}). Five (50%) patients qualified for SD. The disease control rate (DCR) was 70% at the 6-month follow-up. Six patients died before the last follow-up due to disease progression. One patient died without lung tumor progression.

![Efficacy evaluation of apatinib in patients with advance osteosarcoma and pulmonary metastases. (A) PFS curve in these patients. (B) OS curve in these patients. PFS = progression free survival.](medi-97-e11734-g003){#F2}

![The tumor change of pulmonary metastases at 6 months after apatinib treatment.](medi-97-e11734-g004){#F3}

Besides the detected pulmonary metastases after evaluation according to the Response Evaluation Criteria in Solid Tumors (RECIST) guidelines,^\[[@R20]\]^ other tumor changes were detected by imaging. In 2 patients, computed tomography (CT) scan of the lungs revealed that pleural effusion had completely disappeared, while marginal sclerosis and vacuoles inside the lesion were evident (Fig. [4](#F4){ref-type="fig"}). For 1 patient, after taking apatinib for 2 months, the CT scan images showed that the lesion was replaced by a vacuole (Fig. [5](#F5){ref-type="fig"}). Similar to other target drugs, interruption of the treatment with apatinib could lead to disease progression. Fortunately, the tumor in the lung of the patient showed PR again once the apatinib treatment was resumed after 1-month interruption (Fig. [4](#F4){ref-type="fig"}).

![Image illustrating tumor changes of 1 PR patient with lung metastatic osteosarcoma. (A) The chest CT shows large pulmonary metastases in the left lung. (B) Two months later after apatinib treatment. (C) Interruption of apatinib treatment for 1 month. (D) The patient\'s apatinib treatment recovery, the tumor achieved PR again.](medi-97-e11734-g005){#F4}

![The chest CT shows the lesion replaced by a vacuole after apatinib treatment for 2 months.](medi-97-e11734-g006){#F5}

3.3. Adverse effects
--------------------

The toxicity and side-effect events encountered in patients treated with apatinib are shown in Table [2](#T2){ref-type="table"}. In general, the grade of severity of the drug-related adverse events was limited to grade 1 or 2. Overall, the grade 1 adverse reactions accounted for 54.5% of the total adverse events. Grade 2 and grade 3 adverse reactions accounted for 39.4 and 6.1%, respectively, but no grade 4 was observed in this study. We recorded at least 1 adverse event in all 10 patients. 31 (93.9%) of the 33 total adverse events were grade 1 to 2. The most common grade 1 to 2 adverse events were the following: hand-foot syndrome, 8 (80.0%) of 10 patients; cough, 4 (40.0%); fatigue, 3 (30.0%); hypertension, 3 (30.0%); pneumothorax, 3 (30.0%); weight loss, 3 (30.0%); diarrhea, 2 (20.0%); pain, 2 (20.0%); dizziness, 2 (20.0%), as listed in Table [2](#T2){ref-type="table"}. All these adverse events were causally related to the study drugs. One (10.0%) patient who had a grade 3 hypertension received decrement and recovery drug dose in 1 month. We recorded no other serious adverse events during the treatment. No deaths were related to the apatinib treatment.
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Adverse events that arose in at least 1 patient.
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4. Discussion
=============

Molecular targeted therapy plays an important role and has achieved success in the treatment of many refractory malignancies since imatinib was approved as a first-line drug to treat chronic myeloid leukemia by the Food and Drug Administration in 2001. Antiangiogenic targeted drugs are a large class of targeted drugs which achieve success in certain tumors treatments.^\[[@R21],[@R22]\]^ At present, there is no effective drug for the targeted treatment of bone and soft tissue sarcoma. Apatinib is a novel and highly selective inhibitor of the VEGFR2 tyrosine kinase, which blocks the downstream signal transduction of VEGFR2 at the cellular level.^\[[@R23]\]^ Apatinib has been proven to be a safe and effective drug in patients with advanced gastric cancer. Also, some researchers have reported the successful treatment of osteosarcoma and other sarcomas.^\[[@R13],[@R14],[@R24]\]^ Nevertheless, in order to share our experience on the treatment of osteosarcoma patients with apatinib, this study describes the treatment of some patients and effects of apatinib in details.

Sorafenib, a multikinase inhibitor, has been recommended by the NCCN guidelines to treat unresectable and relapsed high-grade osteosarcoma as the second-line therapy based on the results of a phase II trial.^\[[@R25],[@R26]\]^ A total of 35 patients were included in that multicenter phase II trial, and the results showed that the PFS at 4 months was 46% and the clinical benefit rate was 29%. Additionally, the median PFS and OS are 4 months and 7 months, respectively. In this study, apatinib is used to treat osteosarcoma following failed first-line chemotherapy. The results show that the PFS at 6 months was 60% and the DCR was 70.0%. In addition, the median PFS and OS were 7.5 months and 14 months, respectively. Admittedly, it is dogmatic to make a conclusion that the efficacy of apatinib is better than that of sorafenib. However, apatinib is a potential new option for the treatment of osteosarcoma with pulmonary metastases.

Noteworthy, tumor boundary sclerosis and tumor cavity formation are observed among PR and SD patients. We think that the tumor boundary sclerosis is a signal for tumor control and tissue repair. The formation of a tumor cavity is the manifestation of tumor ischemia and necrosis due to the interruption of tumor angiogenesis. Evaluation of the activity of tumor cells should be another evaluation criterion for tumor control, but not based only on the measurement of the tumor size.

Target detection is considered to be an important process before target drug treatment, while the number of target receptors is considered to be an important indicator of the efficacy of the targeted drugs. Apatinib, as a small molecule tyrosine kinase inhibitor, has a high selectivity for VEGFR2. In this pathway, targeted detection of VEGFR2 is performed in tumor specimens by immunohistochemical staining analysis. The results are not exactly as anticipated. Some patients with strong VEGFR2 expression did not benefit from the treatment with apatinib, whereas some patients with weak VEGFR2 expression were benefited by the treatment.

How to use apatinib in the treatment of patients with osteosarcoma is another question. In this study, all the patients received apatinib as a single treatment. Unlike other targeted drugs, the combination of an antiangiogenic targeted drug and other drugs is not common. There is a contradiction between antiangiogenic targeted drugs and other cytotoxic drugs. In general, the antitumor effects of cytotoxic drugs depend on vascular transport. Apatinib and other antiangiogenic targeted drugs are used as a single treatment. Like other targeted drugs, the drug withdrawal can lead to rapid progression of the disease. In this study, 1 patient suffered rapid disease progression after drug withdrawal. Fortunately, his tumor was reduced again after the apatinib treatment was resumed. The drug dose is another concern. In this study, some children with advanced osteosarcoma received the apatinib at the dose of 250 mg daily, while adult patients received apatinib dose with 500 mg daily. Some patients had fluctuation of the use of medication due to the intolerable headache caused by drug-induced hypertension. In general, the symptoms were markedly relieved after reducing the dosage. The patients gradually returned to the normal dose after the symptoms became tolerable.

It is necessary to alert readers to be aware of the limitations of this study. Firstly, the number of patients is still small owing to the fact that osteosarcoma pulmonary metastases accepted apatinib treatments are not common. It has been reported that approximately 10% to 20% of patients present with metastatic disease at diagnosis.^\[[@R27],[@R28]\]^ Three patients in this group present with metastatic disease at diagnosis while other patients present with metastatic disease after first-line chemotherapy. Both age distribution and peripheral location of pulmonary metastases in this study have good representativeness. Secondly, this is a retrospective study without control. It has been reported that the survival of patients with metastases at diagnosis or after a relapse remains poor and requires new therapeutic approaches.^\[[@R29]\]^ The results in this paper are written to share our experience but not deny other treatments. Thirdly, the antitumor drug mechanism of apatinib is not clear. There has been research conducted on the antitumor effect of apatinib on human osteosarcoma.^\[[@R30]\]^ The results showed that osteosarcoma patients with high levels of VEGFR2 have a poor prognosis and deactivation of the VEGFR2/STAT3/BCL2 signaling pathway leads to apatinib-induced growth inhibition of osteosarcoma. Whatever the complicated antitumor mechanism, the patients with osteosarcoma benefit from the apatinib treatment following failed first-line chemotherapy.

The results of this study indicate that apatinib is an effective treatment option for patients with osteosarcoma and pulmonary metastases after failed first-line chemotherapy. Thus, random controlled trials based on these data are warranted to further evaluate the apatinib activity.

Acknowledgments
===============

The authors thank everyone at our institution who helped in this study.

Author contributions
====================

**Conceptualization:** Kai Zheng, Xiuchun Yu.

**Data curation:** Kai Zheng, Ming Xu.

**Formal analysis:** Kai Zheng.

**Investigation:** Kai Zheng, Lei Wang, Xiuchun Yu.

**Methodology:** Kai Zheng, Xiuchun Yu.

**Project administration:** Ming Xu, Xiuchun Yu.

**Software:** Ming Xu.

**Supervision:** Ming Xu.

**Validation:** Lei Wang.

**Visualization:** Lei Wang.

**Writing -- original draft:** Kai Zheng.

**Writing -- review & editing:** Kai Zheng, Xiuchun Yu.

Abbreviations: AEs = adverse effects, DCR = disease control rate, ORR = objective response rate, OS = overall survival, PFS = progression free survival, RECIST = response evaluation criteria in solid tumor, VEGFR-2 = vascular endothelia growth factor receptor-2.

The authors have no conflicts of interest to disclose.
